Abstract-This paper presented a hybrid method to find the optimal size of the distributed generation by considering different type of renewable sources in the distribution power system. The proposed method is based on the combination of two methods like the sensitivity analysis and continues power factor method. The simulated method is done on the Matlab environment by applying in the 16-bus distribution system. The result illustrated the accurate and reliable size of the different types of the distributed generation in a power system.
INTRODUCTION
Traditionally, electric power is produced at central station power plants and delivered to consumers using transmission and distribution networks. Today, there is a trend toward the use of distributed generation (DG) units, for economic, technical and environmental reasons, in addition to the traditional large generators connected to the transmission system [1] . Accordingly, it is expected that in the near future DGs will have a significant contribution in electrical power systems. DG units are smaller scale with different penetration level based on locally available resources and therefore they are mostly connected at the distribution level. When the DG penetration is high, the generated power of DG units changes the power flow in the distribution system, and also in the transmission system as well. DGs have several advantages that the major advantages of DG are as power loss reduction, voltage profile improvement, reliability and security improvement, power quality improvement, stability enhancement, environmental concerns and investment risk reduction [2] .
Moreover, the DG connection to the network may influence the stability of the power system, i.e., angle, frequency, and voltage stability [3, 4] . Also, finding the suitable placement to connect the DG to the power system lead to take the many advantages of the DG integrated power systems in comparison to the classical power systems [5] . Besides, the non-optimal DG locating and sizing may lead to bad results in the system which are include increasing system losses and having a bad effect on the voltage profile and growing costs, and consequently an opposite effect from what is expected. Therefore, it is important to allocate and determine the optimal size and placing of DG as a high priority issue to maximize the system efficiency.
The optimal and fast placement and assignment DG units have become mandatory to properly assess the state of the system by engineer with the necessary tools and techniques to ensure that the power system operates within the specified design parameters. So, presents an optimal and fast method for placing and sizing of DGs is very important in recent years. As matter of fact, the number of this researches are considerable that it is shows the significant impact of the discussion on this area. The Fig. 1 , illustrations the number of manuscript that was provided by authors. As you can see in this figure, in the last 2 years, number of publication is rose which it means the important of this subject by wide increasing distributed renewable resources. Basically, there are different approaches with existing methods on the basis of voltage profile improvement, reduction in power system losses, maximization of system loadability, find the optimal power factor and maximization of bus and line stability. Generally, these methods can be classified in three broad categories, which are conventional optimization methods, meta-heuristic based optimization methods and hybrid method. There are different conventional approaches to find the optimal size and locations of DG units in power distribution systems, which are considered here to include the analytical approaches [6] [7] [8] [9] [10] [11] [12] , Continuation Power Flow methods [13, 14] , the grid search method [15] , Reactive power optimization [16] , Optimal Power Flow [17] , Mixed Integer Nonlinear Programming [18] , Primal-Dual Interior Point Method [19] , and Deterministic optimization techniques [20] . On the other hand, the meta-heuristic methods have been widely used by researchers in recent years as these approaches are intuitive, easy to understand, simple to implement and address the integer variable very well as compared to the conventional method and analytical programming. However, the results produced are not guaranteed to be optimal and the process speed can be slower.
Some examples of the meta-heuristic optimization classes are genetic algorithms (GAs) [21, 22] , The Evolutionary Programming [23] , tabu search [24] , simulated annealing [25] , particle swarm optimization methods [26] [27] [28] , ant colony optimization [29] , Cuckoo Search [30] , bacterial foraging optimization [31] which have all been applied in most optimization problems as well as DG optimal placement and sizing problems. The Tabu Search is an efficient combinatorial method which can be used to achieve an optimal or a sub optimal solution within a reasonably short duration. The Evolutionary Programming, Ant Colony Algorithm, Simulated Annealing and Cuckoo Search have still not been paid much attention by researchers. GA is competent at obtaining a solution near the global minima which is computationally intensive.
The hybrid methods are also a combination of the above approaches which includes the Genetic-Fuzzy [32] , GeneticParticle Swarm [33] , Genetic-Optimal Power Flow [34] , Particle Swarm Optimization-Optimal Power Flow [35] , and Analytical-Fuzzy [36] techniques. The performance of the hybrid algorithm is a fast and efficient approach because of the improved versions. Actually, the analytical techniques are easily implemented with high efficiency in terms of computational time and best precision factor while OPF, CPF and meta-heuristic approaches are the next advanced level.
This paper presents an analytical method to evaluate the impact of optimal sizing of different types of DG units and then placing the DG units. This method is based on the analysis of the exact loss formula and continuous power flow (CPF) in a radial distribution system. The simulation results are obtained on a 16-bus radial distribution system in the Matlab environment to determine the location and size of different types of DG units.
II. DIFERENT IMPACT OF DG
The distribution system was initially designed such that the power flows from the sending end to the load, conductor sizes were gradually decreased from the substation to the consumer side. So, the size of the distribution system in term of load (MW) plays an important role in selecting the size of DG units.
A. DG can have a significant impact on:
The power-flow, losses, voltage profile, stability and quality of power supply for customers and electricity suppliers, power factor limit and reliability. In fact, one of the important DG influence is on the power loss, which its increasing lead to the serious effects on voltage profile and growing the costs. This effect is shown in Fig. 2 . According to the figure, the effect of the DG size on system losses is a few at first, and then the power loss is very sensitive to the size of the DG at the lateral buses. As you can see, by growing the DG penetration, the power loss is increased again. Therefore, it can conclude that the correctly estimated the size of DG has the important rule to decrease the power loss in the system. Another important aspect of DG is on the voltage stability. To determine the most sensitive bus to voltage collapse or maximum loading, continuation power-flow program is used. Voltage stability margin is defined from current loading level or operating point (λ) to voltage collapse point or the critical point (CP) to evaluate the performance of the system as a Fig. 3 .
By increasing the active power injected with DG unit, the reactive power loss is decreased. So, by rising the voltage to the operating point from (V1) to (V2), then (CP1) is increased to (CP2). Therefore, the maximum loadability (λmax1) is a growth to (λmax2). Consequently, it is lead to improve the voltage stability of the system. III. PROPOSED METHODOLOGY Elgerd [37] presented a popular based formula to calculate the exact power loss, which is used as a reference in many researches. The total real power losses ( L P ) with N buses is calculated in a distribution system. The sensitivity factor of real power loss with respect to real power injection from DG is given as follows:
If the partial derivative of Equation (2) becomes zero, then the total active power loss will be minimized. The active power injection of the bus i; where the DG unit is installed, is given by:
where, Di P is the load demand at node i and DGi P is the injection power from DG placed to the node i.
On the other hand, in CPF, by applying the loading parameter of (λ), loads and generations are increased from their base case values as follows:
. Q are powers of loads at the base case [38] . Substituting Equation (3) and Equation (4) into Equation (1), the total active power losses with a DG unit can be obtained the optimum size of the DG at bus I as follows:
On the other hand, DG units are classified to four types based on the capable of injecting or consuming P and Q. So, based on the type of DG and operation condition, the power factor of DG and optimal size of DG units are changed. If pf is equal to the DG operating power factor; so, relationship between the active and reactive power injection from DG placed to the node i, is:
Therefore, based on the different types of DG, the optimal size to minimize the power loss is calculated as:
A. Type one of DG is capable of injecting P only. Some example s of this type is like: Photovoltaic, micro turbines, fuel cells. Because of the power factor is at unity, so, the optimum size of the DG at bus i is calculated by DGi P as (6).
B. Type two of DG is capable of injecting Q only like synchronous compensators such as gas turbines. The DG power factor is zero and x=∞, so the optimal DG size is given by:
C. Type 3 and 4 are DG capable of injecting both P and Q and injecting P but consuming Q respectively.an example of type 3 is synchronous machine as cogeneration and type 4 example is wind farms. The DG power factor is based on, it is injecting (+1) or consuming (-1) reactive power. The optimal DG size is given by:
After determine the optimal size of different types of DG and calculating the losses for each case, the location is determined by minimum losses is for each type of DG units. The flowchart of this procedure is shown in Fig. 4 . 
IV. NUMERICAL RESULTS AND DISCUSSION
The proposed algorithm is tested on a 16-bus radial distribution network. It is a radial system with the total load of 28.7 MW and 5.9 MVAR, the load and line data are shown in the appendix. The voltage level in every bus should be in the acceptable voltage level (0.95 < Vbus < 1.05). Based on the procedure presented, the system is simulated and testing in Matlab program to reach the goal of finding the optimal sizing for different types of DG and location. So, after running the power flow, the total power loss and optimal size of DG based on equations (1) and (6) are calculated that are illustrated in Fig. 5, and Fig. 6 , respectively. Then, the DG is sited in the optimal place. Fig.  7 , shows the voltage profile with and without DG units.
It can be seen that installing the DG unit, the level of the voltage is grown to the unity and completely lands in the allowable rang. So, the system performance in two condition of with and without DG is illustrated the effectiveness proposed method. In following the optimal size of DG and power loss for different power factor in node 9 is shown table 1; so, it can conclude that the minimum power loss is illustrated in the unity power factor. Moreover, table 2 is presented the comparative analysis for different parameters with and without the DG unit. According to the table 2, when the DG unit is installing in the bus 9, the voltage profile is improved about 3.155% and the power loss is decreased about the 64.02%, that it is shown the good improving in the system condition. So, it can be concluded that by installing a DG unit and consider the kind of DG with accurate placement, the system condition can be improved and proposed method is effective to reach to this goal. V. CONCLUSION This paper proposes a method based on an analytical method and continuous power flow to optimize the size of different types of DG and find the optimal location of DG in a radial distribution network. A 16-bus radial distribution network was used to test the placement algorithm. The objective function of the proposed method was based on reducing the power loss. The results show that by finding the optimal DG placement, the total losses can be lowered and enhanced voltage profile increasing. 
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